Abstract. Histological, ultrastructural, and virological examinations were performed on abdominal skin from guinea pigs after a blood meal by colony-bred biting midges, Culicoides sonorensis. Small, superficial, cutaneous, crateriform ulcers with necrosis of superficial dermis developed at feeding sites and healed within 24-48 hours. Animals developed nonpruritic erythematous papules 5 days after feeding that persisted until the study ended at 12 days after feeding. Papules corresponded histologically to foci of epidermal hyperplasia and superficial interstitial dermatitis with intraepidermal micropustules and scattered intraepidermal polykaryons. The principal ultrastructural changes were spongiosis in germinal epithelium and neutrophilic-histiocytic exocytosis. No viral agents or broken mouthparts were identified in lesions. The dermatitis may represent a host reaction to persisting insect salivary secretion and should be considered as an additional consequence of blood feeding in future studies involving biting midges.
Culicoides (Diptera: Ceratopogonidae) are small, dipterous flies (biting midges) that occur worldwide. More than 50 viruses have been isolated from Culicoides species, including the agents responsible for African horse sickness, bluetongue, epizootic hemorrhagic disease, and Akabane disease. 2 incise the skin of mammalian and avian hosts using a sawing action by paired, toothed mandibular stylets. Unlike mosquitoes, which canulate the dermal microvasculature, biting midges are ''pool feeders'' that sever dermal vessels with cutting mouthparts to obtain a blood meal. Biting midges secrete saliva containing anticoagulants and other pharmacologically active compounds into the skin of hosts as they feed. The salivary gland components of Culicoides sonorensis have been partly characterized. 10, 11 The morphology of cutting mouthparts of female Culicoides is illustrated in Fig. 1 and their presumed function during feeding has been described. 7, 16 Biting midges induce a well characterized, highly There are 6 syntrophial stylets: the labrum (dorsal) and hypopharynx (ventral), paired mandibles, and paired maxillary laciniae. During feeding, skin is stretched by teeth at the tips of labrum and hypopharynx, and incised by a sawing action by the toothed mandibular stylets. Laciniae are pushed into the incision along with the mandibular stylets and anchor the wound during pool feeding. Symbols indicate the direction in which insect saliva is secreted (salivary duct-groove; arrows) and host blood is sucked (food channel; arrowheads) through compartments in the syntrophium. Maxillary palps (Palp) and antennae (Ant). The labium, a sensory structure that partly ensheaths the syntrophium, was removed to show stylets more clearly. Unstained mount. Bar: 50 m. Insect exposed Insect exposed Insect exposed Insect exposed Insect exposed Insect exposed pruritic, delayed hypersensitivity dermatitis in mammalian species, primarily horses (''sweet itch''). 1, 9, 13, 14 By contrast, little is known of the changes that occur in the skin of naive hosts after bites by midges. Petechial hemorrhages and papules develop shortly after people, sheep, or cattle are bitten. 1, 9, 10, 13 A brief report on papular lesions in human skin appears to be the only description of the histological changes that occur in skin after exposure to biting midges. 15 In recent laboratory tests involving C. sonorensis blood feeding, a high proportion of naive guinea pigs develop a distinctive papular dermatopathy shortly after exposure. The study described here was undertaken to characterize the dermatopathy.
The experimental design is shown (Table 1 ). Between 177 and 369 colony raised, adult female C. sonorensis (AK colony) were allowed to blood feed once for 30 min through the fine mesh of a sealed feeding cylinder cage (inner diameter: 4.4 cm) resting on the shaved abdominal skin of each of 7 anesthetized 500-900 g HsdPoc:DH guinea pigs (animal Nos. 1-7). a Two anesthetized guinea pigs (Nos. 8 and 9) were exposed to empty feeding cages and served as unexposed controls. Guinea pigs were housed in a laboratory animal room and never previously exposed to biting midges. The parent animal colony was negative for mange mites (Trixacarus caviae) on the basis of monthly skin scrapings. The colony of C. sonorensis was established in 1973 from a field population and maintained for more than 25 years under large-scale rearing conditions. 5,6 After blood feeding, midges were killed by CO 2 /immersion in ethanol, and examined using a dissecting microscope to determine the proportion that took a blood meal and the number with broken mouthparts.
Guinea pigs were examined clinically twice daily for signs of illness, including dermatitis. Feeding sites were palpated for abnormalities. Gross lesions were recorded photographically. Guinea pigs were anesthetized with ketamine/xylazine and euthanized by CO 2 at intervals up to 12 days after exposure to midges. One animal (No. 1) was killed and examined immediately after the cage containing insects was removed. Samples of skin and all major organs were collected into 10% neutral buffered formalin and processed for light microscopy. Sections of abdominal skin including feeding sites with and without lesions were stained with Periodic Acid Schiff (PAS), Gram, and Steiner stains. Abdominal skin including the feeding site was collected from 8 guinea pigs (Nos. 2-9) and examined for viral particles by negative stain electron microscopy. Skin from 2 animals with acute bite lesions (No. 1) or papules (No. 7), were fixed in 2.0% paraformaldehyde-2.5% glutaraldehyde in 0.1 M phosphate buffer and processed for transmission electron microscopy. Virus isolation was attempted from abdominal skin containing papules (where present) from 8 midge-exposed guinea pigs (Nos. 2-9) using 3 serial passages and a mammalian cell line (Madin-Darby bovine kidney (MDBK)) and 2 invertebrate cells lines (KC, derived from Culicoides sonorensis embryos; ATCC CRL 1660 clone C6/36 cells, derived from Aedes albopictus larvae). b After the third passage, homogenized cells were examined for viral particles by negative stain electron microscopy. Cells were freezethawed to increase the likelihood of viewing viral particles. Stock cells from the 3 cell lines were examined ultrastucturally and served as negative controls.
Guinea pigs remained alert, healthy, and free of pruritis during the study. Of 1,586 midges exposed to the skin of 7 guinea pigs, 1,206 (76%) took a blood meal. Four fed midges (0.3%) had broken mouthparts. Cutaneous lesions were restricted to the 4.4-cm diameter area that corresponded to the placement of feeding cages containing biting midges. Multiple (up to several hundred) Յ1 mm red foci in skin developed immediately after exposure to C. sonorensis (Table 1) and resolved completely within 1-2 days. No visible or palpable lesions were evident grossly between 2 and 4 days after exposure. Between 5 and 9 days after exposure, multiple (up to 50) Յ1-2 mm discreet, raised, pink, dry, nonpruritic lesions developed in abdominal skin in 4 of 6 guinea pigs (Fig. 2) . Histologically, shallow, crateriform, cutaneous ulcers (200 ϫ 75 m) developed immediately after feeding ( Fig. 3) . Some lesions were associated with exuded fibrin and necrosis of upper dermis and the superficial portions of hair follicles. Larger lesions (up to 1,000 m diameter) were interpreted as confluent feeding sites. Intradermal hemorrhages were rarely identified in lesions.
Histological lesions developed in the skin of 4 of 6 guinea pigs on which C. sonorensis fed Ն5 or more days earlier. Typical lesions were 500-1,000 m wide and 400 m deep. They consisted of localized areas of moderate superficial perivascular to interstitial interface dermatitis, epidermal hyperplasia, spongiosis, neutrophilic-histiocytic exocytosis, and intraepithelial micropustules (Figs. 4, 5 ). Scattered polykaryons, some with marginated nuclei, were present in epidermis and there was loss of clear demarcation between epidermis and dermis (Figs. 5, 6) . No infectious agents, viral-type inclusions, or insect mouthparts were detected in papules. Lesions were absent in noncutaneous tissues.
Ultrastructurally, bite lesions immediately after ex-posure to midges consisted of small ulcers with dermal necrosis to a depth of 100-200 m. Dermal fibrocytes, leukocytes, and capillary endothelial cells were pyknotic and surrounded by fibrin. Epidermal papules contained a mixture of macrophages and neutrophils ( Fig. 7) . Keratinocytes in papules were individualized because of intense intercellular edema. The small number of pyknotic cells in epidermis consisted of leukocytes and keratinocytes in approximately equal proportion. Loss of demarcation between dermis and epidermis was due to dermal and epidermal edema, and migration of inflammatory cells across epidermal basal lamina. No foreign body material or infectious agents were identified ultrastructurally. Polykaryons were not represented in thin sections because of their relative paucity, and their fine structure was therefore uncharacterized. Small, round viral particles (52-58 nm) were seen in negative stain preparations of homogenized C6/36 cells after exposure to skin from 4 of 6 guinea pigs exposed to C. sonorensis, as well as from both control animals ( Table 2 ). The presence of identical viral particles in negative stain preparations of stock C6/36 cells indicated that the cell line and not skin was the source of this virus. No viral particles were identified in negative stain preparations prepared directly from homogenized skin of 6 guinea pigs exposed to C. sonorensis or from either control animal (Nos. [2] [3] [4] [5] [6] [7] [8] [9] .
Biting midges are pool feeders that lacerate skin to obtain a blood meal. Yet the nature of the lesions that developed immediately after feeding is difficult to explain by the cutting action of syntrophial stylets alone. Focal coagulative necrosis in dermis at feeding sites was suggestive of secretion by midges of a locally cytotoxic compound. The induction of focal necrosis at the meal site may aid biting midges to obtain a blood meal.
The cause of the papular dermatitis that developed 5 days after exposure to midges was not established in the present study. None of the guinea pigs in the study was exposed previously to biting insects, and lesions were not characteristic of acute or delayed cutaneous hypersensitivity reactions. 3, 4, 14, 17 Suspicion that papules were due to a viral infection endemic in the Culicoides colony, or a foreign body reaction to broken insect mouthparts, was unconfirmed. No viral agents were seen ultrastructurally in papules and the only virus identified after attempted isolation was a contaminant in 1 of 3 stock cell lines. The possibility that broken insect mouthparts elicited a foreign body reaction is excluded by their absence in lesions and by the small proportion of insects with broken mouthparts after a blood meal. Bacterial or protozoan agents were not found ultrastructurally or in special stains of affected skin, and lesions were not indicative of bacterial pyoderma. One explanation for the dermatitis is that pharmacologically active chemical components of C. sonorensis persisted in skin and elicited an inflammatory reaction. The possibility that the dermatitis was due to an infectious agent endemic in the insect colony and was undetected in the present study cannot be excluded.
A distinctive feature of the dermatitis was the presence of scattered, intraepidermal, multinucleated cells. These were a feature in bovine skin when cattle were exposed experimentally to C. sonorensis (O'Toole and Pérez de León, unpublished data). Unfortunately, polykaryons were sparse and not represented in blocks processed for electron microscopy, so their derivation from epithelium versus histiocytic cells was not established. Histiocytic derivation is likely, due to the relatively abundant cytoplasm and the presence of marginated nuclei. Intraepidermal, multinucleated, giant, histiocytic cells are a feature of various diseases that evoke cutaneous exocytosis, including drug eruptions. 17 Syncytial keratinocytes occur in viral infections such as monkeypox, some herpetic diseases involving human skin, and human and canine paramyxoviral infections.
In recent years there has been increased appreciation for the roles that arthropod salivary factors play in enhancing the likelihood of infection by various viral, bacterial, and protozoan agents. 12 The present study underscores the importance of establishing whether uninoculated insects induce lesions in naive hosts, even when long-established, well-characterized colonies are used. 
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